The objective of this study was to determine the in vitro inhibition effects of seven commonly used pesticides including 2,4-D-acid dimethylamine, fenoxaprop-p-ethyl, glyphosate isopropylamine, haloxyfop-p-methyl, cypermethrin, λ-cyhalothrin, and dichlorvos on the peroxidase purified from turnip (Brassica rapa L.) and black radish (Raphanus sativus L.) using 4-amino benzohydrazide affinity column chromatography. The purification factors for the turnip and black radish peroxidases were found to be 263.29-fold (with a yield of 12.89%) and 36.20-fold (with a yield of 6.90%), respectively. Among these compounds, λ-cyhalothrin showed the strongest inhibitory effect against turnip peroxidase (K i : 1.23 × 10 −2 ± 0.21 × 10 −2 mM) as noncompetitive inhibition. On the other hand, cypermethrin demonstrated the highest inhibition effect against black radish peroxidase (K i : 2.14 × 10 −2 ± 0.08 × 10 −2 mM) as competitive inhibition.
Introduction
Horticultural plants including have been an indispensable part of human life for ages. Ever since ancient times, their fruits, seeds, and even roots and branches have been used to meet personal and social needs such as severing food, curing diseases, and beautifying the planet. [1] [2] [3] [4] Plant peroxidases (PODs) are found in all plants and control plant growth and development. Also they are found in the cell wall and are responsible for diverse cellular processes in plant metabolism for construction, lignifications, senescence, organogenesis, phenol oxidation, cross-linking of cell wall proteins, and protection of tissue. [5] [6] [7] PODs (E.C.1.11.1.7) contain a heme protein, which are part of the oxidoreductases. They have antioxidant features that catalyzed the reactive oxygen species (ROS) using hydrogen peroxide (H 2 O 2 ) generated during metabolism and are converted into harmless molecules. [8, 9] PODs are widely present in prokaryotes, eukaryotes, and photosynthetic cells. As noted, PODs have a crucial function in plant metabolism.
To increase crop protection and to affect the growth of productivity, a range of chemicals has been increasingly used in agriculture. [10] [11] [12] Some of these are pesticides including carbamates, organophosphates, organochlorines, and bipyridyls. Pesticides are chemical substances which are used for many purposes in nature as a biological agent, commonly to control pests that are considered harmful, and on unwanted plants, and microorganisms. [13] There are many researches related to PODs in many manufacturing processes. Some studies have shown that PODs may be used successfully to polymerize anilines and phenols in organic solvent matrices. [14] However, lactoperoxidase is one of the most studied members of the POD family. [15] [16] [17] On the other hand, pesticides can become a risk factor for living organisms and other nontargeted creatures due to the negative effects such as metabolic disorders, and severe acute and chronic poisoning. Some pesticides are highly toxic and are still widely used for pest insect control. [18] They cause serious concerns over food safety and environmental pollution. Pesticides can cause oxidative stress by the formation of free radicals and change in antioxidants, generate ROS, and alter enzyme systems in metabolism. [19] 2,4-D-acid dimethylamine, fenoxaprop-p-ethyl, glyphosate isopropylamine, and haloxyfop-p-methyl are used as herbicides. Cypermethrin, λ-cyhalothrin, and dichlorvos are used as insecticides in agricultural applications. [20] 2,4-D-acid dimethylamine is used as a selective herbicide that kills many terrestrial and aquatic broadleaf weeds. It is effective on the growth hormone auxin, which results in uncontrolled growth. [16] Fenoxaprop p-ethyl is a widely used effective herbicide which is used to control grass weeds, crops, vegetables, feed, and forage crops. [21] Glyphosate isopropylamine is commonly used as a post-emergence herbicide, which is used to kill weeds, broadleaf weeds, and grasses. It prevents the synthesis of aromatic amino acids in the plant-restricted shikimate pathway. However, this compound had a cardiotoxic effect in mammals. [22] Haloxyfop-p-methyl is frequently used as a selective herbicide for control in plants such as sugar beets, canola, and various vegetables. [23] Cypermethrin is a synthetic pyrethroid which demonstrates insecticidal properties. It is used during food storage, in public health, animal husbandry, and on cotton, cereals, vegetables, and fruits. [24] λ-Cyhalothrin is an insecticide belonging to a class of pyrethroid chemicals, which has an effect on the nervous system. [25] Dichlorvos is known as an insecticide belonging to a group of organophosphates. It is usually preferred to control household pests, for public health, and protecting stored products from pests. It has negative effects against fruit and vegetable crops. It has effects on acetylcholinesterase, which damages the DNA of insects. [26, 27] In living organisms, all chemical reactions are catalyzed by enzymes, which are effected by many chemical substances including pesticides, drugs, and metal ions. Scientific researches have indicated that pesticides show toxic effects by inhibiting the enzymes at low concentration usage. So, many problems occur in the living metabolism. [27] Pesticides play an important role in high agricultural productivity, but due to inevitable toxicity, often toward nontarget organisms, their uncritical release into the environment has serious consequences. [28] In the literature, there are many studies focused on the investigation of POD's new inhibitors. However, there are no detailed studies about the effect of pesticides on PODs in organisms. For this reason, this is the first study investigating inhibition effects of some commonly used pesticides against POD purified from turnip (tPOD) (Brassica rapa L.) and black radish (rPOD) (Raphanus sativus L.) using 4-amino benzohydrazide affinity column chromatography.
Materials and methods

Chemicals and instruments
In affinity chromatography, 4-amino benzohydrazide was used as a ligand; L-Tyrosine was used as a spacer arm, and CNBr-activated-Sepharose-4B was used as a matrix. Glycerol, bovine serum albumin (BSA) (lyophilized powder), guaiacol, H 2 O 2 , potassium phosphate (monobasic), and all other chemical reagents used were obtained from Sigma Aldrich. 2,4-D-acid dimethylamine, fenoxapropp-ethyl, glyphosate-isopropylamine, haloxyfop-p-methyl, cypermethrin, λ-cyhalothrin, dichlorvos, and all chemicals were of analytical grade. An ultraturrax (Heidolph Silient Crusher M, Germany) and a centrifuge (HermleZ 323K, Germany) were used to prepare a homogenate, a pH-meter (SCHOTT CG840, Germany) was used for preparation of a buffer solution, a peristaltic pump (Ismatec) was used to ensure stable flow rate, and a UV-VIS spectrophotometer (Beckman Coulter Du 730, USA) was used for kinetic assay.
Preliminary processing of plant materials
Fresh turnip (B. rapa L.) and black radish (R. sativus L.) were supplied from a local market, Erzurum. They were washed, drained, separated into small pieces, and stored at −20°C until use, in this order. [10] Preparation procedure of the homogenate
The black radish and turnip samples (approximately 15 g) were shred with mixer then treated with liquid nitrogen to freeze, and then pestled to a grain size of sand. Buffer solution (KH 2 PO 4 , 0.3 M, pH 7.0) was added to the homogenate. Then the mixture was stirred for about 10 min and centrifuged at 10,000×g for 60 min at +4°C. Supernatant was stored at −20°C in small aliquots before usage. [10] POD activity assay
The POD activity was measured at 470 nm by using UV-VIS spectrophotometer. [11] The POD activity assay was prepared as follows: 1 mL of guaiacol (45 mM), 1 mL of H 2 O 2 (22.5 mM) was mixed in a tube, then an aliquot of POD enzyme (0.1 mL) was added to the mixture. The final volume of the mixture was adjusted to 3 mL by the addition of phosphate buffer (0.2 M). The absorbance was measured every 60 s. One unit of POD enzyme was defined as the amount of enzyme able to catalyze the oxidation of 1 µmol of guaiacol/min −1 at 25°C (molar absorption coefficient, 5000
). [10] Protein determination
The quantity of protein was determined according to the Bradford method (1976) as described previously. [29] [30] [31] BSA was used as standard protein and described in detail in our previous studies.- [32] [33] [34] Kinetic and inhibition studies
To identify the kinetic parameters, POD activity was determined. Also, for determination of inhibition parameters for each pesticide, IC 50 and K i values were measured. IC 50 value was determined with constant guaiacol concentration in the presence of five different concentrations of pesticides. Likewise, three different concentrations of pesticides and five different concentrations (9.0, 10.5, 12.0, 13.5, and 15.0 mM) of substrate were used to determine the K i constant. The K i values and the inhibition types were calculated from Lineweaver-Burk plots (1/V -1/[S]). [35] Results and discussion
PODs are found in a wide range of living organisms including plants, animals, vertebrates, fungi, and microorganisms. They have varying fields of application in biotechnology, food, and chemical industries. Some PODs such as horseradish peroxidase and chloroperoxidase have been used to prepare enantiomerically pure alkyl hydroperoxides and alcohols. In addition, lactoperoxidase conserves food quality and extends shelf life. [9, 26, 36] Plant PODs have several important physiological functions such as construction, lignifications of cell walls, senescence, organogenesis, phenol oxidation, cross-linking of cell wall proteins, and protection of tissue damage; they also prevent infection caused by pathogenic microorganisms. [17] They catalyze the oxidation reaction of a wide variety of substrates including 2,2ʹ-azino-bis(3-etilbenztiazolin-6-sulfonic acid, p-phenylenediamine, pyrogallol, guaiacol, catechol, simple phenols, aromatic amines, ascorbates, epinephrine, and tetramethylbenzidine in the presence of H 2 O 2 . [37] With the development of new technology areas, there is attention on the investigation of PODs in order to find various POD sources and inhibitors. It was reported that PODs have been purified and characterized from a wide variety of plant sources including turnip (B. rapa) roots, black radish, papaya (Carica papaya) fruit, sweet potato tubers, sweet gourd (Cucurbita moschata), chard leaves (Beta vulgaris), olives (Olea europaea), black gram, leucaena (Leucaena leucocephala), Caribbean plant (Euphorbia cotinifolia), cauliflower (Brassica oleracea) buds, buckwheat, palm oil (Elaeis guineensis) leaf, cotton (Gossypium hirsutum), and white cabbage (Brassica oleracea). [10, 26] Some POD inhibitors can be used as the ligands for plant POD purification by the chromatographic methods. 4-Aminobenzohydrazide is a well-known POD inhibitor that inhibits the myeloperoxidase enzyme. Therefore, 4-aminobenzohydrazide and its derivatives can be used as inhibitors. [37, 38] In the present study, POD was purified from black radish (R. sativus L.) 36.02-fold with a yield of 6.90% and from turnip (B. rapa L.) 263.29-fold with a yield of 12.89% using 4-aminobenzohydrazide affinity column as shown in Table 1 .
It is well known that enzymes catalyze almost all chemical reactions in the metabolism of the living organisms. Many chemical substances including pesticides, fungicides, drugs, and metal ions influenced their activities even at low concentrations. [39, 40] The POD inhibitors were identified as nonselective monoamine reuptake inhibitors including opipramol, lofepramine, dibenzepin, protriptyline, melitracen, butriptyline, dimetacrine, dosulepin, and quinapyramine. Also, they contain selective serotonin reuptake inhibitors including alaproclate and etoperidone; nonselective monoamine oxidase inhibitors including moclobemide, toloxatone, and isocarboxazid; and other antidepressants are viloxazine, minaprine, bifemelane, oxaflozane, and medifoxamine. [41] Exposure to pesticides is considered to be one of the most important occupational health risks among farmers in developing countries. [42] The uses of pesticides for the protection of fruits and vegetables have shown positive effects by increasing agricultural production. It was reported that only 5% of pesticides reach the target plant organism. [43] More serious effects were produced by direct inhalation of pesticide than by absorption or ingestion of toxins. The rest runs off into water or dissipates in the soil or air. [44] Researchers are looking for either persistent or less toxic pesticides. While organophosphorus, carbamate, and paraquat aluminum phosphide are highly dangerous, pyrethroids, glyphosate, and neonicotinoids have very few side effects. [45, 46] In this section, we analyze the inhibition of POD activity by investigated pesticides. For this purpose, the inhibition kinetics of 2,4-D-acid dimethylamine, fenoxaprop-p-ethyl, glyphosate isopropylamine, haloxyfop p-methyl, cypermethrin, λ-cyhalothrin, and dichlorvos (K i and IC 50 ) values were determined on rPOD and tPOD (Tables 2 and 3 ). IC 50 is the inhibitor concentration required for 50% inhibition of an enzyme and the K i value is the constant. The IC 50 value was determined by Activity (%)-[Pesticide] graphs for each pesticide. [47] [48] Lineweaver-Burk curves were used to determine the K i value and the inhibition type of the pesticide. [34, [49] [50] [51] Three different pesticide concentrations were tested at five different substrate concentrations for each pesticide. [52] [53] [54] As seen in −2 ± 1.83 × 10 −2 mM) > 2,4-D-acid dimethylamine (5.33 ± 1.43 mM) > glyphosate isopropylamine (6.76 ± 1.59 mM) > dichlorvos (11.7 ± 4.4 mM) > haloxyfop p-methyl (220.0 ± 23.0 mM). Among them, cypermethrin, which induces the microglial activation and overexpression of pro-inflammatory proteins, had the most effective inhibition effects with K i value of 3.85 × 10 −2 mM. It was reported that the pesticides, which contain −Cl groups (electronwithdrawing groups) at different positions, had effective POD inhibition effects. [44] Also, this pesticide showed inflammation could be critical in degeneration of the nigrostriatal dopaminergic neurons. [55] As shown in Table 3 It is well known that the compounds of these reactive groups effectively inhibit enzyme activities [56] [57] [58] Also, it was reported that this chemical was one of the top three insecticides used to control the outbreak of soybean aphids in the United States in 2005 (Fig. 1) . [59] Among these compounds, λ-cyhalothrin showed the strongest inhibitory effect on both POD enzymes. λ-Cyhalothrin belongs to a group of pyrethroid insecticides that are known as synthetic chemicals. They show high toxicity against a wide range of insects and low toxicity against mammals that contact or consume the chemical. While the irresponsible usage of pyrethroids has increased, the damage for nontarget species has increased. [60, 61] The obtained IC 50 values were 3.01 × 10 −5 M and 1.82 × 10 −5 M for tPOD and rPOD, respectively, and the K i values were 1.23 × 10 −5 ± 0.21 × 10 −5 M and 3.80 × 10 −6 ± 0.72 × 10 −6 M for tPOD and rPOD enzymes, respectively. Also, the inhibition effect of λ-cyhalothrin on tPOD was found to be a noncompetitive inhibition. In this type of inhibition, the inhibitor shows its effect by binding the enzyme at a site other than the active site. [62] For the rPOD, λ-cyhalothrin demonstrated competitive inhibition in this type of inhibitor and the substrate was competitive between binding the enzyme active site. [63] [64] The present study considered the molecular structure of pesticides (Fig. 2) , all of which have a Cl atom. In addition, λ-cyhalothrin has -CN chromophore groups, [25] which are part of a molecule responsible for its color. Of the pesticides that were used in our study, only glyphosate isopropylamine and dichlorvos have phosphate groups in their structures. -CN is a polar group and has a high dipole moment. [65] Pesticides show their toxic effects by affecting the activation mechanism of the enzymes at low concentrations. [24] In the activation mechanism of PODs, in the first step, the POD reacts with one equivalent of the peroxide to form a Fe (IV) containing compound I that is the porphyrin cation radical. In the second step, in the cation radical compound I, by taking a proton (H + ) of the substrate and reduced (Substrate) -Fe (IV) form, the substrate becomes radical to lose a H + . The compound II takes a H + from the substrate and returns the first reduced form. In this case many problems can occur in the plant metabolism. [66] 
Conclusion
The results clearly indicate that all used pesticides effectively inhibited rPOD and tPOD; however, among these commonly used pesticides, λ-cyhalothrin showed the strongest inhibitory effect against rPOD and tPOD. Although the use of pesticides has commercial benefits in the agriculture, it is necessary to adjust the dose of pesticides. Excessive amounts of the pesticides act on the metabolic processes in plants and have deleterious effects on the environment.
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